Background--Acute psychological stress and negative emotions are known risk factors for atrial fibrillation (AF). Whether exposure to chronic stress syndromes, such as posttraumatic stress disorder (PTSD), also increases susceptibility to AF is unknown.
A trial fibrillation (AF) is the most common cardiac arrhythmia, affecting >33 million adults wordlwide. 1, 2 This growing public health problem is costly to both patients and families, and it is associated with substantial morbidity, mortality, and healthcare expenditures. 3, 4 Accordingly, efforts to identify and adequately control modifiable risk factors for AF are a top priority. Known risk factors for AF include age, hypertension, diabetes mellitus (DM), obstructive sleep apnea, and lifestyle factors. 5 Emerging evidence suggests that psychological stress and negative emotions, such as acute anger and hostility, are also associated with the initiation and progression of AF. [6] [7] [8] Biological data from animal studies provide further support for this potential link and show that acute social stress can induce sympathetic arousal and trigger atrial arrhythmias. 9 Posttraumatic stress disorder (PTSD) is a debilitating, chronic stress syndrome that develops after direct or vicarious exposure to a life-threatening traumatic event and is characterized by alterations in mood, intrusive memories, avoidance behavior, and hyperarousal. 10 PTSD has a lifetime prevalence of 8% in the United States and is more prevalent (10%-40%) among certain populations with exposure to military deployment/combat, sexual assault, natural disaster, gun violence, and other forms of adversity. 11 Like stress and negative emotions, PTSD is often accompanied by biological and behavioral factors (eg, inflammation, hypertension, smoking, alcohol consumption, physical inactivity, poor diet, and illicit drug abuse) that may adversely affect cardiovascular health. [12] [13] [14] Prolonged exposure to psychological stress can also lead to alterations in autonomic tone and dysregulation of the hypothalamic-pituitary-adrenal axis. [15] [16] [17] These autonomic changes can be arrhythmogenic and might increase risk for developing AF.
Because PTSD is a potentially treatable psychological condition, and the burden of AF is significant, assessing the relation between the 2 conditions may have important implications for treatment and prevention. The purpose of this study was to assess the prospective association of PTSD and incident AF using longitudinal electronic medical record data from a large national cohort of nearly 1.1 million young and middleaged US service members who deployed in support of recent conflicts in Iraq and Afghanistan (eg, Operation Enduring Freedom, Operation Iraqi Freedom, and Operation New Dawn). This cohort provides a unique opportunity to assess the longterm effects of PTSD on AF risk in a population that: (1) has a high rate of recent exposure to prolonged, intense stress and an elevated risk for PTSD; and (2) was young (median age, 27 years) and largely free of underlying structural heart disease at baseline enrollment. We also investigated whether the association between PTSD and AF is modified by sex, as prior work has shown sex differences in the association of PTSD with other cardiac diseases. 18 
Methods

Data Sources and Study Population
The data that support the findings of this study are available from the corresponding author on reasonable request. The study cohort was derived from the Veterans Health Administration (VHA) roster of Operation Enduring Freedom/Operation Iraqi Freedom/Operation New Dawn veterans maintained by the Defense Manpower Data Center-Contingency Tracking System Deployment File, which contains sociodemographic and military service data for all men and women discharged from the US military since October 1, 2001 (N=1 063 973). We linked participant demographic data with VA inpatient, outpatient, pharmacy, and medical claims data from the VA Corporate Data Warehouse. Medical claims data for non-VA care provided to veterans were also obtained from the VA Fee Basis Inpatient and Outpatient database. Clinical diagnoses were only considered present if the International Classification of Diseases, Ninth Revision (ICD-9), code for that specific condition was recorded during hospitalization or in at least 2 outpatient encounters. This method has been used for research conducted with VHA and administrative claims data and has been shown to enhance the accuracy of patient identification in these data sources. 19, 20 Study baseline was defined as the date of a patient's first VHA clinical encounter on or after October 1, 2001. Figure 1 shows a flowchart of the sample selection for the present study. We included all patients from the roster who had at least 1 inpatient or 2 outpatient medical visits at a VHA facility between October 1, 2001, and November 1, 2014 (the most recent data available for these analyses). Patients with any history of AF, atrial flutter, or atrial tachycardia (ICD-9 codes 427.31, 427.32, and 427.89) at their first VHA encounter were excluded (n=75 883; 7.1%), resulting in a final sample of 988 090 patients. There were no differences between patients included versus excluded on the basis of age, sex, or race/ethnicity. The project and waiver of informed consent were approved by the institutional review boards at Yale School of Medicine (New Haven, CT) and VA Connecticut Healthcare System (West Haven, CT).
AF Case Ascertainment
The primary outcome was a new diagnosis of AF, defined as the presence of a new ICD-9 code for AF (427.31) recorded during at least 1 inpatient or 2 outpatient VHA encounters during the period of observation. Patients diagnosed with
Clinical Perspective
What Is New?
• This study is the first to examine whether exposure to extremely stressful or traumatic life events (eg, gun violence, natural disaster, sexual abuse, and military combat) and subsequent development of posttraumatic stress disorder (PTSD) is associated with risk of atrial fibrillation (AF). • In this prospective cohort of nearly 1.1 million young and middle-aged adults, PTSD was associated with an increased risk for early incident AF after adjustment for known AF risk factors and depression. • Among those who developed AF during follow-up, people with PTSD did so at a significantly earlier age than people without PTSD. We found no evidence of effect modification according to sex, suggesting that men and women with PTSD have a similar risk for developing AF.
What Are the Clinical Implications?
• Chronic stress and more severe clinical syndromes, including PTSD, are prevalent in the general population and can significantly complicate the course of care and decrease quality of life in those with AF. • Our findings raise important questions about whether early recognition and successful treatment of PTSD can prevent or mitigate the likelihood of developing AF among those exposed to violence, severe adversity, and trauma. • Future research should evaluate whether psychological interventions that target PTSD may be an important part of a broader public health initiative to improve AF risk, management, and control. atrial flutter and/or atrial tachycardia were not considered to have met the primary AF end point. Duration of AF was not assessed, and no distinction was made between paroxysmal, persistent, or permanent AF. Cases of AF and atrial flutter were not examined as a combined end point because few cases of atrial flutter were diagnosed independent of AF.
PTSD Exposure
The primary exposure was a diagnosis of PTSD (ICD-9 code 309.81). Prior work in the VHA and elsewhere has demonstrated high agreement between the algorithm used in the current study and PTSD diagnoses obtained from a widely used screening instrument (PTSD Checklist; 82%) 21 
Assessment of AF Risk Factors
Covariates were selected a priori on the basis of their known association with AF. 1, 23 Demographic variables (sex, race/ ethnicity [black, Hispanic, white, or other], and marital status), smoking status (current, former, or never), and body mass index (BMI) were collected closest to the baseline date. BMI (calculated as weight in kilograms divided by height in meters squared) was dichotomized as obese (BMI ≥30.0 kg/m 2 ) and nonobese (BMI <30 kg/m 2 ), according to the World Health Organization/National Institutes of Health classification scheme. 24 Previously validated ICD-9 diagnostic codes were used to identify clinical diagnoses of hypertension, coronary artery disease, myocardial infarction (MI), obstructive sleep apnea, congestive heart failure, stroke (ischemic stroke/ transient ischemic attacks), peripheral vascular disease, alcohol abuse, drug use, and major depressive disorder. 19, 25 Prescription data for antihypertensive medications (angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, b blockers, calcium channel blockers, and diuretics) and selective serotonin reuptake inhibitors (SSRIs)/serotonin and norepinephrine reuptake inhibitors were also obtained.
Statistical Analysis
With the exception of baseline age, sex, race/ethnicity, smoking status, and BMI, all covariates, including PTSD, were treated as time varying to account for the time dependence of associations. Clinical diagnoses and prescriptions occurring after the index AF event were excluded from analyses. Data analyses were performed using SAS, version 9.4 (SAS Institute, Inc, Cary, NC), and statistical significance was determined by a 2-sided P<0.05.
Descriptive statistics were used to summarize the sample characteristics. CHA 2 DS 2 -VASc risk scores were calculated for each patient in the overall sample (congestive heart failure, hypertension, aged ≥75 years [92], DM, stroke/ transient ischemic attack/thromboembolism [92], vascular disease [prior MI, peripheral artery disease, or aortic plaque], aged 65-74 years, and female sex category) 1 and compared among those with and without AF and PTSD, respectively. The crude incidence rate for AF in the entire sample was calculated. The cumulative incidence of AF events according to PTSD status was estimated by the Kaplan-Meier method and compared with log-rank test. Follow-up was censored at the occurrence of AF or the date of the last VHA encounter, whichever occurred first.
Unadjusted and adjusted Cox proportional hazard models and 95% CIs were constructed to examine the association between PTSD and incident AF. To determine whether, and to what extent, PTSD contributed to risk for new AF over and above that of established risk factors, we constructed a series of models that serially adjusted for the following: demographics (model 1: age, sex, and race/ethnicity [white as reference group]); clinical factors (model 2: hypertension, coronary artery disease, MI, DM, and obstructive sleep apnea); and lifestyle factors (model 3: obesity, alcohol and drug abuse, and smoking status [never smoker as reference group]). The final model adjusted for all covariates and for coexisting psychiatric diagnoses (eg, major depression), as depression has been linked to both PTSD and incident cardiovascular disease in previous studies. 26 A separate fully adjusted model also tested for effect modification by sex.
Although SSRIs and serotonin and norepinephrine reuptake inhibitors are frequently used in the treatment of PTSD and prescriptions for these medications were prevalent in this sample, exposure to these medications has not conferred risk for AF in prior investigations. 27 As a result, these medications were not included in multivariate analyses.
Multiple imputation methods were used to account for missing covariate data (BMI=22%, and smoking status=26%), generating 5 data sets with complete covariance values. Parameter estimates for all Cox models are based on the imputed data. Analysis of Schoenfeld residuals showed no violations of the proportional hazards assumption.
Sensitivity Analyses
Several subgroup and sensitivity analyses were performed to assess the robustness of the primary findings. First, to remove any cases of prevalent AF, we applied a "washout period" that excluded AF cases diagnosed in the first 2 years of enrollment. This approach is commonly used in epidemiological research and has demonstrated reductions in incidence disease misclassification in prior studies (<10%). 28 Second, because patients may be more likely to seek medical care on the basis of their PTSD symptoms, we constructed a model to control for possible surveillance bias caused by differences in healthcare use. This multivariate analysis included a term for the total number of primary care visits recorded during the first 2 years of study enrollment, as we and others have done previously. 19, 29 
Results
The final study sample consisted of 988 090 patients (87.8% men, 64.5% white) with a mean age of 30.29AE9.19 years (median age, 27 years; range, 18-60 years); <1% were aged >55 years at baseline. Demographic information and clinical characteristics for the sample are shown in Table 1 . During a mean follow-up period of 4.8 years (SD, 2.8 years; range, 0-12 years), 2491 patients were diagnosed with AF. The crude incidence rate for AF in this sample was 0.84 events per 1000 person-years. Of those diagnosed with AF, 50.2% had no diagnosed cardiovascular comorbidity before the index AF event (Table S1) .
PTSD was diagnosed in 27.9% of the overall sample. The cumulative risk for AF was greater among patients with versus without PTSD (P<0.0001; Figure 2 ). Individuals with versus without PTSD were also more likely to develop AF at a younger age (39.79 years [SD, 11.61 years] versus 41.30 years [SD, 12.17 years]; P=0.004) and to be diagnosed with concomitant MI, coronary artery disease, congestive heart failure, DM, chronic obstructive pulmonary disease, obstructive sleep apnea, and depression during the follow-up period. Prescriptions for antihypertensive medications and SSRIs/serotonin and norepinephrine reuptake inhibitors were also more prevalent in patients with versus without a diagnosis of PTSD.
PTSD and AF
PTSD was significantly associated with incident AF in the unadjusted Cox model (hazard ratio, 1.31; 95% CI, 1.19-1.43). As shown in Table 2 , a significant association between PTSD and new AF persisted in models that serially adjusted for demographics (model 1), comorbid clinical factors (model 2), and lifestyle factors (model 3); however, there was a moderate reduction in the magnitude of the PTSD effect. In the final model that adjusted for all covariates and for depression (model 4), the contribution of PTSD to incident AF risk remained significant (hazard ratio, 1.13; 95% CI, 1.02-1.24).
We also examined sex as a moderator of the association between PTSD and AF. Fewer cases of incident AF were diagnosed in women (4.0%) than in men (96%). In a separate multivariate Cox model, the interaction between sex and PTSD in predicting new-onset AF was nonsignificant (P=0.93).
Among this subgroup of patients with AF, however, a prior diagnosis of PTSD was more prevalent among women compared with men (37% versus 31%). 
Subgroup and Sensitivity Analyses
In post hoc analyses, exclusion of AF cases diagnosed in the first 2 years of follow-up (n=781) did not alter the findings (data not shown). In additional sensitivity analyses that adjusted for factors previously shown to increase AF risk, for depression, and for the effect of healthcare use (Table S2) , PTSD remained significantly associated with incident AF (hazard ratio, 1.11; 95% CI, 1.00-1.23). This suggests that increased medical attention attributable to PTSD had only a modest effect on the association between PTSD and a new diagnosis of AF.
Discussion
In this nationwide study of nearly 1.1 million young and middleaged veterans, we found that a diagnosis of PTSD was associated with a 13% greater risk for early incident AF. This excess risk persisted after adjustment for established AF risk factors, including demographics, lifestyle factors, cardiovascular risk factors, and depression, suggesting that the contribution of PTSD to incident AF is largely independent of overlapping comorbidity. Furthermore, among individuals who developed AF during the period of observation, those with PTSD did so at a significantly earlier age than patients without PTSD. Previous studies have demonstrated an association between PTSD and incident cardiovascular disease (eg, coronary heart disease, MI, and stroke), recurrent cardiovascular events, and all-cause and cardiovascular mortality. 14, 19, 30 Results from the current investigation extend this work by showing, for the first time, that a traumainduced chronic stress syndrome is significantly associated with the onset of new AF. This effect was maintained after controlling for a wide range of clinical comorbidities, coexisting psychiatric disorders, and healthcare use, supporting the validity of our findings. Furthermore, although the absolute increase in AF risk among individuals with PTSD was modest in this low-risk cohort of initially healthy young and middle-aged adults, it is comparable in magnitude with other traditional risk factors (eg, DM and obesity), underscoring its clinical relevance. Additional studies are needed to confirm our findings and to determine whether variation in PTSD symptom onset (eg, early versus delayed onset), expression (eg, fear, avoidance, or arousal), and trajectory (eg, active versus partial or full remission) has distinct effects on arrhythmia risk.
Another feature of this investigation was the examination of sex as a moderator of the association between PTSD and AF. Recent data have suggested that PTSD acts differentially to promote coronary artery disease in men versus women 18 ; however, we found no evidence of effect modification according to sex, suggesting that men and women with PTSD have a similar risk for developing AF. This finding may reflect the overall lower incidence of AF among women in this study Log rank test, p<.0001 PTSD No PTSD Figure 2 . Cumulative incidence of atrial fibrillation (AF) according to posttraumatic stress disorder (PTSD) status.
(n=100) compared with men (n=2391), which reduced statistical power to detect sex differences. Because men and women differ with respect to the causes and outcomes associated with AF, and PTSD is twice as prevalent in women, 31, 32 appropriately powered studies should investigate this question further.
Our findings also provide new insight into the risk factors for AF in patients who are relatively young and largely free of underlying structural heart disease. Although AF is rare in patients aged <55 years (0.1%-0.2%), 33 national data show an apparent increase in AF-associated comorbidities (eg, cerebrovascular events) and hospitalizations in young patients over the past decade. 34, 35 Despite this alarming trend, data on AF-related risk factors and outcomes in young and earlymiddle-aged people are sparse because of the low prevalence of AF in this age group. Findings from the current study, along with those in the literature, suggest that the development of AF in young patients may be more strongly influenced by nontraditional risk factors, such as psychological characteristics (eg, PTSD, anger, and hostility) and behavioral/lifestyle factors (eg, binge drinking, smoking, and vigorous exercise/participation in sports), 36, 37 than traditional cardiovascular risk factors, which may be less prevalent in this population. Indeed, in our sample of young patients (median age, 27 years), 50.2% of those who developed AF did so in the absence of any diagnosed cardiovascular comorbidity. Thus, early-onset AF may represent a distinct phenotype that develops from a confluence of genetic, traditional, and emerging risk factors, including PTSD. Given the increasing burden, longer life expectancy, and potential socioeconomic consequences of early-onset AF, further research is needed to improve risk stratification, prevention, and treatment in this age group.
Potential Mechanisms Linking PTSD to AF
The mechanisms by which PTSD increases vulnerability for AF have not been evaluated but may involve a combination of behavioral/lifestyle and other pathophysiologic factors or pathways yet to be fully delineated. PTSD may indirectly predispose individuals to develop AF through the onset or progression of hypertension, DM, inflammation, and/or metabolic syndrome. 14, 38 Lifestyle factors and unhealthy behaviors, such as smoking, alcohol consumption, physical inactivity, poor diet, and drug abuse, are also well documented in patients with PTSD 12, 13 and may contribute to AF. Yet, as in other studies, 30 adjustment for these variables did not fully attenuate PTSD-associated risk for AF, suggesting that PTSD has a more direct, independent effect. Furthermore, although long-term endurance exercise can trigger AF in the young, 37 prospective data from the Millennium Cohort indicate that most post-9/11 veterans do not regularly engage in high-intensity exercise and that physical activity is significantly decreased in those with PTSD. 39 It is also possible that PTSD may trigger the occurrence of AF directly through chronic changes in autonomic tone (eg, increasing sympathetic activation and decreasing vagal stimulation), which can alter atrial electrophysiological characteristics (shortening the effective refractory period) and thereby facilitate AF. 40 Findings from previous studies have shown that acute negative emotions can precipitate AF. [6] [7] [8] PTSD tends to have a more long-term course and is associated with greater autonomic reactivity than momentary negative affect. 41 Thus, it is possible that PTSD represents a continuum of risk attributable to emotion-related factors. More research is needed to understand the mechanisms underlying the increased AF risk in patients with PTSD and identify potential targets for therapeutic intervention.
Implications of Findings
PTSD is prevalent in the general population and can significantly complicate the course of care and decrease quality of life in those with AF. 42 Although there is an ongoing debate as to whether PTSD is an independent risk factor for cardiovascular disease and not just a risk marker, 14 there are plenty of data showing that therapeutic interventions (eg, cognitive-processing therapy and prolonged exposure therapy) can be effective in treating this condition and reducing the associated physiological hyperarousal. 43 Thus, findings from this investigation raise important questions about whether early detection and successful treatment of PTSD can prevent or mitigate the likelihood of developing AF among those exposed to violence, severe adversity, and trauma. If prospective trials demonstrate that therapeutic treatments for PTSD can decrease AF incidence, psychological interventions that target PTSD may be an important part of a broader public health initiative to improve AF risk factor management and control.
In addition, AF is a complex condition that occurs in a heterogeneous patient population. The causes, characteristics, and consequences of AF for young patients will likely differ from those for the "typical" patient with AF who is older and more likely to have concomitant disease. This suggests the need for a more personalized approach to risk prediction, prevention, and patient management. Programs aimed at reducing cardiovascular risk in the young may need to aggressively target traditional and emerging risk factors. Complementary medicine interventions (eg, yoga and acupuncture) have shown great promise as a tool to reduce arrhythmia burden, improve quality of life, and reduce anxiety and depression in patients with AF. 44 The benefits and risks of these approaches in young at-risk populations are not known, but developing effective management strategies for vulnerable patient groups is an important area for further study.
Strengths and Limitations
A major strength of this investigation is the large, nationally representative sample of young and middle-aged adults and the long duration of follow-up, which provided a biologically plausible time frame for the relationship between PTSD and AF to develop. Furthermore, because exposures and clinical covariates were prospectively recorded in the electronic medical record before development of AF, the possibility of recall bias that is often present in case-control and crosssectional studies was eliminated.
Several limitations should be considered when interpreting these data. First, although clinical diagnoses and inclusion/ exclusion procedures were based on previously validated ICD-9 diagnostic codes obtained from electronic medical records and included medical claims data for non-VA care, we cannot discount the possibility that some diagnoses were misclassified or unrecognized. This concern is lessened by the fact that prior work has demonstrated 95% sensitivity and 99% specificity for the AF ICD-9 code (427.31) in administrative data. 45 Furthermore, VHA guidelines require annual screening for PTSD in VA primary and specialty care settings, suggesting that underrecognition of PTSD may be less likely. The prevalence of PTSD in this study was also comparable to prior studies of veterans that used both diagnostic interview and checklist assessment methods, 21 suggesting that our assessment of the exposures is equally valid. Whether cases were diagnosed inpatient versus outpatient cannot be determined from our data. Second, the number of atrial flutter cases in this study was insufficient to examine them as an independent end point. Similarly, we were unable to examine interactions between PTSD and AF by age (using typical agerelated cutoffs for AF of >65 years) or SSRI treatment status, as most AF cases in this study occurred before the age of 50 years and 81% of those diagnosed with PTSD also had a prescription for an SSRI. In addition, data about the effect that PTSD treatment (eg, psychotherapy) has on the relationship between PTSD and AF were not available for this analysis. Third, despite adjustment for multiple time-varying covariates, residual confounding cannot be ruled out. Finally, as the cohort is composed of young and middle-aged veteran patients, most of whom were men, generalizability to other populations (eg, nonveteran populations or veterans who do not use VHA services) may be limited. Whether these findings would be seen in older patients with AF is unknown, although it is possible that the effects of PTSD on AF risk might be more pronounced in a population who has a longer duration of exposure to PTSD symptoms and a higher risk factor burden. Prospective studies in more diverse populations are needed to enhance the generalizability of these findings.
Conclusions
PTSD is associated with an increased risk for early incident AF after adjustment for known AF risk factors and depression in this cohort of young and middle-aged veterans. These findings warrant further investigation and replication in more diverse populations to determine their generalizability. Future studies are needed to investigate the mechanisms underlying this association and to identify possible interventions that target and treat vulnerable segments of the population. 
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Psychiatric comorbidities
Major depression † 1.09 (0.95-1.26) 0.21 coronary artery disease (CAD), myocardial infarction (MI), and obstructive sleep apnea (OSA). † Diagnoses occurred prior to the index ischemic stroke event and are time-dependent. *Healthcare utilization was defined as the total number of primary care visits recorded during the first two years of cohort enrollment.
